Cross-talk in acoustical transducer arrays is an undesirable phenomenon which decreases seriously the performances of these arrays. Indeed, when one element of the array is driven, it generates parasitic displacement fields at the radiating surfaces of the neighboring elements, which changes the directivity of the antenna. To well understand this phenomenon a transducer array similar to those used in medical imaging and NDT applications was modelled by finite element method. The research work investigated systematically the effects of the cross-talk. Firstly, it inspected the acoustical and mechanical cross-talk throughout the propagating medium and the filling material. Secondly, it studied the influence of the matching layer on the acoustical performances of the transducer. It was shown that the filling material and the matching layer are the major factors contributing to this phenomenon. In order to cancel the cross-talk a correction method previously developed by the author has been used. This solution consisted in applying adapted electrical voltages on each neighboring element of the active one in the purpose to reduce the displacement field on their active surface. This method was tested numerically and the obtained results clearly demonstrated its ability to reduce the cross-talk.
INTRODUCTION
Since the late 1980s, ultrasound phased array systems have been successfully used in almost medical fields and have already became the preferred imaging method in a variety of clinical situations. Currently, the research in this domain focuses in very high frequency imaging with the goal of improving the clinical diagnosis. These efforts include the use of new transducer materials: for example, single crystal materials like lithium niobate (LiNbO3) are utilized to reach frequencies superior to 100 MHz [1] and piezo-composite materials [2, 3] are developed for the applications needing operating frequencies superior or equal to 30 MHz. In a similar way, silicon micro-machined transducers [4, 5] are proposed in order to replace the conventional piezo-ceramic arrays and to allow the integration of the electronic devices on the same substrate.
Nevertheless cross-talk, which is associated with acoustic wave propagation between successive array elements, is a problem for all these kinds of arrays, since it is responsible for anomalous behaviour in the directivity of the array. Thus many researchers have investigated this phenomenon over the years. In this way, Assaad et al. [6] have developed a numerical method to calculate the pressure radiated from linear arrays including the acoustical and mechanical interactions. The far-field directivity pattern of a part of the array was computed using dipolar dampers and a previously described extrapolation algorithm in Ref. [7] . Different solutions have been proposed to reduce the cross-talk. A promising solution consists in developing a systematic method for active cancellation of the cross-talk. In a similar manner, a previous work of the authors [8] provided a numerical Finite Element (FE) algorithm to adapt harmonic electrical voltages on each element of a transducer array in order to reduce the displacement field on their active surface.
The aim of this paper is first to highlight the cross-talk effects in a transducer array numerically. Secondly, as the displacement method previously proposed in [8] was performed only on transducer arrays without matching layers, our purpose is to demonstrate its ability to reduce the cross-talk even in arrays with matching layer. In the first part of this paper, a numerical study of the cross-talk is done in order to point out the effects of the acoustical and mechanical crosstalk throughout the propagating medium, the filling material and across the matching layer. The second part is dedicated to the presentation and the application of the correction method to two transducer arrays, i.e with and without matching layer.
NUMERICAL STUDY OF THE CROSS-TALK

General description
A Finite Element Model (FEM) composed of isoparametric quadratic elements and using the ATILA code [9] is developed to predict first the acoustic power transmitted by the transducer array to the fluid medium (corresponding to the flow of energy through the surface Γ R ) in order to determine the mechanical resonance frequency (maximum of acoustical power), then the surface displacement profile along the thickness of each array element and the directivity pattern are calculated at the obtained resonance frequency. In order to take into account the interaction between elements, the central one is excited while the others are grounded (Fig. 1) . Furthermore, only one-half of the domain is meshed due to symmetry.
The modeled transducer arrays are composed of seventeen-elements made of PZT 27 material and a non-conductive resin PLEXCIL (ESCIL) is used to fill the kerfs between the array elements. Two types of transducer array are studied, i.e transducer array without matching layer and transducer array with a glass matching layer (the materials properties are listed in Tables 1 and  2 ). The spacing between transducer elements (a) is chosen equal to 1.2 mm to respect the Nyquist criteria a < λ/2, and to avoid grating lobes, λ is the wavelength in the water at the operating frequency. The transducer elements length (L) is quite larger than the lateral dimensions (W = 0.7mm and T = 3.3mm), thus this dimension can be considered infinite and the plane strain approximation can be assumed. The transducer array radiates in a fluid medium meshed by using isoparametric quadratic elements and respecting the λ/4 criteria. This medium is limited by a non-reflecting surface Γ R made up of dipolar elements that absorb the outgoing acoustic wave almost completely [6] . A lossy resin is used to reduce the edge effects due to the acoustic impedance mismatch between PZT 27 (34 MRayl) and the air (approximately zero). 
Acoustical and mechanical interactions
Transducer array without matching layer
To study the influence of the acoustical interactions throughout water and the mechanical interactions due to the filling material on the performances of one element in the array i.e the radiated acoustic power, the surface displacement and the directivity pattern, a seventeen elements transducer array is modeled by FE. Fig. 2 shows the acoustic power radiated in the water computed from 300 kHz to 600 kHz and compares it to that of a single element. After analysis, it can be noticed that the two curves are different since a frequency shift is observed (35 kHz) and parasitic vibration modes are obtained between the frequencies 300 kHz and 400 kHz. The calculation of the surface displacement at the resonance frequency 443 kHz is shown in Fig. 3 . This figure indicates that the excited element (0) vibrates in the thickness mode and that parasitic displacements are observed on the neighbouring elements (1,2, ···, 8) . It can be noticed from these results that important parasitic displacements are obtained especially on the third neighbouring elements (1,2 and 3) : normalized amplitudes about : 0.4, 0.38 and 0.3. Thus, we can conclude that a transducer array composed of seven elements is sufficient to study the cross-talk. The parasitic displacements disturb the directivity pattern of the excited element as seen on Fig. 4a . We can notice first that the directivity pattern presents a main lobe in the direction 0 Consequently, the computed directivity pattern is not omnidirectional as it is the case for a single element. The numerical study allows concluding that both types of interactions contribute to the cross-talk and disturb the performances of the array elements, especially the directivity pattern of the excited element. In previous work, Assaad et al. [6] have shown that the mechanical interactions remain not negligible compared to the acoustical ones.
Transducer array with matching layer In this section, the structure given in Fig. 1 is modelled by taking into account the matching layer in order to determine its effects on the performances of one element in the transducer array. In a similar way as the previous section, the computed acoustic power obtained for the array element is compared to that of a matched single element in Fig. 5 . This figure shows in both cases, two thickness coupled modes around the resonance frequency (443 kHz). These coupled modes contribute to increase the transducer band width. Notice also the presence of parasitic modes in the transducer array band width due to the cross-talk. Thus, to study the cross-talk effects, it is interesting to choose one of the two resonance frequencies. In this study, the first resonance frequency is chosen i.e. 290 kHz. The calculation of the displacement field at this resonance frequency is shown in Fig. 6a . This figure indicates that the excited element vibrates in the thickness mode and that parasitic displacements are observed on the neighbouring elements. These displacements disturb the directivity pattern of the excited element as seen on Fig. 6b . We can see that the directivity pattern presents a main lobe in the direction 0
• and other side lobes are obtained in the directions approximately 25
• , 48
• and 90
• .
Consequently, the computed directivity pattern is not omnidirectional as it is the case for a single element.
REDUCTION OF THE CROSS-TALK
Presentation of the correction method
The first step of the proposed method starts by assuming that each element of an acoustical array made of 2N + 1 elements is operating independently and that the energy radiated is derived from the linear summation of the energy contribution of each element. If the cross-talk problem due to the electrical excitation of each element can be solved, the required excitations and their associated cross-talk cancellation signals can be superimposed to achieve the required beam forming effect. Therefore the beam forming task can be separated from the cross-talk task. To reduce the cross-talk due to the excitation of an element j by electrical voltage A j which is supposed equal to 1V, electrical voltages A q ( j) are applied to the neighboring elements. Indeed, since a linear relation exists between the electrical voltage performed on each element and the resulting displacements [10] , it is therefore possible to cancel the neighbouring elements displacement.
The calculation of the electrical voltages A q ( j) is determined first by changing the position of the driven elements q and second by using the superposition principle. According to this principle, the total normal displacement U p ( j) on the neighbouring element p = j is given by the sum of the displacements U p,q ( j) on the neighbouring element p for normalized excitations of the element q multiplied by the correction coefficients A q ( j).
For the calculation of the different values A q ( j), one knows that U p ( j) = 0 in the cancellation case. Finally, the equation 1 becomes:
(2)
Application of the cancellation method
The proposed correction method is applied to the previous transducer array (with matching layer), the computed complex voltages are: A 2 = 0.58+1. Figures 7a and b illustrate the obtained displacement field and the directivity pattern of the transducer array after the application of the previous correction voltages. We can observe that the parasitic displacements on the neighbouring elements have been reduced, thus only the central element is vibrating in thickness mode Fig. 7a . Consequently the directivity pattern of the transducer array has been improved Fig. 7b . Notice also that displacements are obtained at the array surface in contact with air. It is important to add a backing layer to the transducer array in order to absorb the backward waves and reduce these displacements.
CONCLUSION
Cross-talk in transducer arrays has been analyzed numerically by the use of two dimensional FE. Two transducers arrays have been modeled in order to study the influence of the acoustical interactions throughout water, the mechanical interactions due to the filling material and the interactions across the matching layer. The computations have shown the importance of the parasitic displacements on the neighboring elements of the excited one and the need of crosstalk correction. In order to minimize these parasitic displacements and reduce the cross-talk,
